Contrasting coloration is widespread in the animal kingdom (Rothschild 1975) . For many years, authors have suggested that contrasting coloration is often used to confuse predators (Hailman 1977; Mortensen 1918; Wickler 1968) .Many insects, especially lepidopterans, and fishes have contrasting spots (deflection marks) which are believed to deflect a predator's attack away from vital body parts (Blest 1957; Hailman 1977; Robbins 1980; Wickler 1968) . Use of contrasting coloration is common among mammals but use of such coloration to confuse predators has been the subject of controversy (Coblentz 1980; Hirth and McCullough 1977; Pitcher 1979; Smythe 1970 Smythe , 1977 .
Long-tailed weasels (Musrc.la firnata) and short-tailed weasels (M. rrminra) have black-tipped tails that contrast with the rest of their coloration. The contrast is especially sharp during winter when individuals in northern populations are white except for their black tail tips. Both of these species are small (weights range from ca. 100 g to ca. 300 g; Hall 1951) . A third species, the least weasel (M. nivalis), considerably smaller (ca. 40 to 60 g in North America ; Hall 1951) , also changes color during winter but does not have the black tail tip. Its tail is relatively much shorter than the tails of the other two species. Except for early speculations (Seton 1929; Stone and Cram 1902) , there are no explanations in the literature for the black tail tips on weasels.
Weasels are subject to predation by many other predators (see review in Powell 1973) and occasionally predation may be a major factor in population regulation (Powell 1973) . It has been suggested that at least during winter the black tail tip may enhance the cryptic nature of the white coloration and reduce predation on weasels by other predators (Powell 19786; Stone and Cram 1902) . Though in winter both weasels and snow are white, they are seldom the same shade. Snow color is affected by shadows, thaws, ice crystalline structure, and debris. As winter progresses, weasels often become stained yellow on their hips. Color differences, movement, and shadows make a moving weasel easy to see against the snow. The black tail tip, however, is more conspicuous than is the body of the weasel. This draws the attention of an observer toward the tail and thus makes the weasel's body considerably more difficult to see. Stone and Cram and I have hypothesized that the black tail tip will draw the attention of a potential predator, especially a diurnal avian predator that hunts primarily by sight, away from the weasel's body to its tail. An attacking predator may thus be more likely to miss the weasel and strike at the tail. I have also hypothesized that because least weasels are smaller and have such short tails, a black tail tip would be too close to the weasel and would not misdirect an attacking hawk (Powell 19786) . Because the grasping ability of hawks is not good enough to hold something as fine as the tail of a weasel, looking in museum collections for weasels missing parts of their tails does not give further insight into these hypotheses. to a wire by a 1.5-m leash. A fake weasel was drawn across the area of the roof painted white on monofilament fishing line. The monofilament line was moved by turning the large pulley at a predetermined rate. A large wooden shield hid the observer and fake weasels from the hawk. The wooden tunnel shield hid the fake weasels from the hawks at the small pulley end of the system.
METHODS
Three red-tailed hawks (Buteo jamaicensis) were trained to attack models of weasels in white winter coats.
Two perches approximately 1.5 m high with a wire running along the ground between them were located 30 m apart on the flat, concrete roof of the Lion House at the Brookfield Zoo, Chicago Zoological Park, Brookfield, Illinois. The roof between the perches was painted white. Midway between the perches and perpendicular to a line between them, monofilament fishing line was stretched between two wooden pulleys which lay flat on the ground ( fig. 1 ). Using a handle, one pully could be turned to pull the line across the roof.
During training and tests the hawks' jesses were attached with a 1.5-m lead to the wire between the perches. Hawks were first trained to attack a brown, padded 8 x 12 x 20-cm training dummy and dead white lab mice. The training dummy or a mouse was attached to the monofilament line and drawn across the hawks' field of vision. Successful attacks were rewarded with food. This turning rate was then used for all tests using that hawk.
Weasel models were made of cylinders of white artificial fur with solid pieces of styrofoam inside for shape and rigidity. Weasels' tails were made by sewing white fur once around a piece of wire 2 mm thick. Weasels were two sizes (male long-tailed weasel, 40 cm total length; male least weasel, 17 cm total length) with three color patterns (solid white, black tip on tail, black spot on back), making six color-size morphs (fig. 2) . Black spots were made using black electrician's tape.
A total of 72 model weasel trials was presented to each hawk. Model weasels were equally divided between the six size-spot morphs and presented in random order until morphs were presented 12 times each. Attack success was recorded for each weasel model presented.
RESULTS
The number of times each hawk missed each color-size morph is shown in table 1. Hawks always firmly grasped the fake weasels or were unable to grasp them at all. Long-tailed weasels with tail spots and least weasels with no spots were missed significantly more frequently by each hawk than the other color-size morphs (null hypothesis: each hawk missed all morphs equally frequently; P < < .001, chisquare). Observers occasionally noted that hawks attempted to grasp the tail of the long-tailed, tail-spot morph but were unable to hold the tail because of poor dexterity and tail thinness; or hawks appeared to check their attack and miss at the last moment as though they had been surprised by some aspect of the weasel model.
DISCUSSION
The large weasel model with the black tail-spot was more difficult for the red-tailed hawks to catch than were the other two large morphs. This strongly supports the hypothesis that the black tail tip on white weasels serves to reduce predation on weasels by avian predators. Further support can be drawn from the observations on hawk behavior. The hawks did indeed sometimes attack the black tips on the tails and at other times the hawks appeared to notice suddenly that they were attacking something more than the black-tipped tail. I believe that the hawks hesitated because they suddenly saw the rest of the weasel model. The results also support the hypothesis that least weasels have such short tails that a black spot could be disadvantageous and could increase mortality by predation. Apparently their small size slightly increases the time it takes for a hawk to perceive a least weasel, thus decreasing mortality as the result of predation. One might ask why least weasels do not have longer tails with black tips and thus reduce mortality even more. I can suggest that least weasels might be so small that they would be unable to keep a long tail warm during northern winters.
I am not suggesting that the only function of the black tail tip is to reduce predation by avian predators. It is possible that the black tail tips may help young weasels follow their mothers or that the tips may be used in intraspecific communication (S. Erlinge, personal communication). Least weasels in Europe are the size of short-tailed and sometimes even long-tailed weasels in North America but they still have short tails with no black spots. In addition, least weasels on both continents often have at the tips of their tails a small number of black hairs, which can be seen only upon close inspection. These variations in size and patterns of black tail tips are not explained by the research discussed here.
Weasels appear to have other adaptations for reducing mortality resulting from predation. Weasels hunt using erratic movement patterns (Powell 1978a (Powell , 1978b , thereby reducing movement predictability and potentially reducing capture success of avian predators attacking them (Powell 1978a (Powell , 1978b .
Apparently, the black tail tips on white long-tailed weasels serve to confuse predators and to deflect an attack away from vital parts of the weasel. The black tail tip is not a pursuit invitation signal in the context of Smythe (1970) because the tail is always visible whether predators are near or far and whether a weasel is aware of a predator or not. Instead, the black spot confuses any predator that chooses to attack a long-tailed weasel, and functions as a deflection mark.
A deflection mark has not been recorded previously for a mammal, though deflection marks have been reported for many insects, fishes, and some reptiles (Hailman 1977; Mortensen 1918; Robinson 1969; Wickler 1968 ). Robbins (1 980) and Wickler (1968) , however, pointed out that almost none of the deflection marks have been tested; almost all support is from anecdotal evidence alone. Silberlied et al. (1980) have shown that accepted hypotheses on coloration as predator confusion devices do not always hold true when tested.
Deflection marks usually fit into one of two categories: false eyes or false heads. Blest (1957) and Robbins (1980) have tested false eye and false head hypotheses with Nymphalis io and Arawncus netolus (Lepidoptera), respectively. For these species the deflection marks do appear to reduce predation. Wickler (1968) reported that a coral reef fish (Runula spp.) normally attacks the eyes of larger fish but will also attack false eyespots not located on a large fish's head.
In his discussion of prey defenses against predators that hunt by sight Robinson (1969) noted that vertebrate predators, especially birds, often orient their attacks 130 THE AMERICAN NATURALIST toward the eyes of their prey and that many prey species have coloration that appears to hide their eyes. The yellow buntings Emberizn citrinella studied by Blest (1957) directed their attacks towards the eyespots painted onto meal worms. Smith (1976) found that motmots (Eumomotn superciliosn) attacked the ends of wooden cylinders with painted eyespots. When the cylinders were moved with the eyespot ends leading, attacks were strongly oriented toward the leading ends. However, when the cylinders were moved "backward" the attacks were less clearly oriented toward the leading ends and were often directed toward the trailing eyespots. Thus, color patterns that mimic eyes may be effective deflection marks from many prey species, especially those preyed upon by birds, even though most of the supposed deflection marks have not been tested.
The black tail tip on a weasel does not closely resemble an eye but the contrasting color of the spot may be enough of a mimic to achieve the same results as an accurate false eye. Motmots directed attacks toward the end of wooden cylinders with contrasting coloration (Smith 1976) . Whether the black tail tips of weasels appear as false eyes to red-tailed hawks or as very small black prey, or as something else, cannot be determined from this study. To the weasels it makes little difference; it works.
